to not all but partial coordination of four quartenary ammonium groups and mismatching of nitrate anion complex to coordination site. Calix[4]arene derivative shows enhanced extractability to palladium and platinum due to the effect of its cyclic and rigid structure. They are extracted as chloroanion complex at high concentration of hydrochloric acid.
Introduction
Calixarenes are cyclic oligomers and the third host compounds with discriminating properties for specific metal ions and organic compounds. A number of studies have been conducted on such properties of calixarenes and a number of studies of the specific behavior have been reviewed. [1, 2] The authors have focused on the use of calixarene compounds as solvent extraction reagents for metal separation. In our previous works, cation exchange types of calixarene compounds have been prepared by introducing adequate cation exchangeable and neutral groups to phenolic oxygens, and the specific extraction behavior has been reported. [3] The only a few papers for anion exchange types of lipophilic calixarene as the extractants, however, has been reported. [4] Trivalent rare earth metals are one of the metal groups that are quite difficult to be mutually separated due to similar size and chemical properties. In the previous works, phosphonic acid types of calix [4] arene compounds were prepared as the extractants for heavy rare earths, since phosphorus acid type of the extractants are preferable to extract smaller and heavier rare earth metals. [2(f, h)] On the contrary, quaternary ammonium nitrate type of the extractants are known to be preferable to extract larger and lighter rare earths. [5] These extractants are obviously anion exchangers.
In the present work, we have prepared O-nonylcalix [4] arene quaternary ammonium together with the corresponding monomeric one to investigate extraction behavior of trivalent rare earths and precious metals as anionic species. tractant employed in the present work as a typical example is shown in Fig.2 . That is, it has been prepared via cyclization, debutylation, O-nonylation, chloromethylation, introduction of ammonium group, and anion exchange (chloride to nitrate) from p-t-butylphenol. (The scheme showed from O-nonylation.) 3,5,5-Trimethylhexyl bromide as a reactant to introduce nonyl group to calix [4] arene and 2,6-dimethylphenol was prepared via tosylation and bromination from 3,5,5-trimethylhexanol. The preparation of tri-n-octylmethylammonium nitrate (TOMAN) from the commercial tri-n-octylmethylammonium chloride was described in the previous paper. [6] The organic solution was dried over anhydrous sodium sulfate. After filtration, the solution was diluted with toluene to 20 mM.
Distribution study of trivalent rare earth metals
Organic phase was directly used as toluene solution described above. Aqueous phase was prepared by dissolving three rare earth chlorides to 10 M ammonium nitrate. Equal volumes (0.5 cm3) of both phases were mixed and gently shaken at 303K for more than 3 h. After phase separation, the aqueous solution was diluted 21 times with 0.1 M hydrochloric acid. The metal concentrations in the aqueous solutions before and after equilibrium were measured by ICP-AES (Shimadzu ICPS-8100). The extracted metal ion concentrations were calculated from the mass balance.
Distribution study of precious metals
Organic phase was prepared by diluting TEQAC [4] Non or TEQAC [1] Non in chloroform to 5 mM. For aqueous phase, each chloride salt of rhodium, palladium, gold, platinum was dissolved in appropriate concentrations of hydrochloric acid. Equal volumes (2.0 cm3) of both phases were mixed and gently shaken at 303K for more than 24 h. After phase separation, the aqueous solution was diluted 5 times with hydrochloric acid solution. The metal concentrations in the aqueous solutions before and after equilibrium were measured by ICP-AES (Shimadzu ICPS-8100). The extracted metal ion concentrations were calculated from the mass balance. Table 1 .
Separation factor is defined by ratio of distribution ratio of prior metal ion to posterior one.
The separation efficiency for calix [4] arene type of the extractants are comparable to or relatively higher than that for commercial extractant, although more precise measurement of metals is necessary. was hardly extracted over the whole concentration region of hydrochloric acid with all extractants. Except for rhodium, precious metals were extracted as chloroanion from the acidic media. For platinum, chloro complex of platinum is extracted as PtCl62anion by coordinating with quaternary ammonium groups. During the extraction, counter chloride ions to quaternary ammonium groups would be exchanged with chloride ions of PtCl62-anion.
For releasing chloride ion, the extractability of platinum decreases with increasing hydrochloric acid concentration.
The extraction from ammonium chloride media was slightly less than that from hydrochloric acid media, whereas those from nitric acid and ammonium nitrate media were significantly lower than that from hydrochloric acid media except for gold. It is the reason why precious metals become anions by complexing with chloride ions and not with nitrate ion. Different from rare earths extraction that nitrate ions act as counter anions, salting out is not dominant but just anion exchange is dominant extraction mechanism for precious metals extraction. 
